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CLASSIFICATION  according to predominant VASCULATURE: 

1) developmental venous anomaly (DVA), s. venous angioma (most common type!) - anomalous 

VEINS without any direct feeding artery. 

2) capillary  telangiectasia*  (next most common type!) - vessels morphologically resembling 

CAPILLARIES but slightly larger. 

3) arteriovenous malformation (AVM)**  (less common but most clinically important type!) - 

clusters of abnormal ARTERIES and VEINS without intervening capillaries. 

4) cavernous angioma (cavernoma)*  

5) direct (s. arteriovenous) fistula**  - acquired lesions; no nidus: 

a) dural arteriovenous fistula (DAVF)  

b) vein of Galen aneurysmal malformation 

c) carotid cavernous fistula 

6) venous varix  - no clinical significance. 

*  may represent extremes of one nosologic entity - CAPILLARY MALFORMATI ON 

* *  malformations with arteriovenous shunt 

 

AVMs  and cavernomas are commonly encountered surgically, 

while DVAs and capillary  telangiectasias are nearly exclusively 

seen incidentally at autopsy. 

 

¶ transitional (mixed) types of malformations also occur. 

¶ true malformations result from embryonic vascular network. 

¶ some increase in size by incorporating adjacent vessels (ñrecruitmentò). 

¶ most significant manifestation - BLEEDING - most likely to occur in patients < 30 yrs. 

 

Rapid guide to diagnosis by NEUROIMAGING : ī not visible, (+) sometimes visible, + visible 

Type CT MRI  Angio 

 AVM  + + + 

 Dural AV fistula (+) (+) + 

 DVA (+) + + 

 Telangiectasia ī (+) ī 

 Cavernoma (+) + ī 
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ARTERIOVENOUS MALFOR MATIONS (AVM)  

PATHOLOGY, PATHOPHYSIOLOGY  

AVM - congenital tangle of ARTERIES and VEINS connected without intervening capillary bed (i.e. by 

one or more fistulae). 

¶ lesion is present from birth (vs. congenital aneurysms!). 

¶ vascular conglomerate (numerous thin-walled, tortuous channels) is called NIDUS. 

ï nidus commonly forms "pyramid / conus" in white matter with base covering part of 

cerebral surface, and apex directed toward lateral ventricle - bleeding can be 

subarachnoid, intracerebral, or intraventricular! 

¶ nidus has no capillary bed (feeding arteries drain directly*  to draining veins) - failure of normal 

capillary bed development?; arteries and veins are congenitally normal. *or via caverns 
 

Arteriovenous shunt is definitive characteristic! 
 

¶ feeding ARTERIES may run serpentine course through sulci before entering nidus; 

ï high flow subsequently leads to ARTERIAL DILATION  

ï fibromuscular cushions - smooth muscle hyperplasia associated with fibroblasts and 

connective tissue elements 

ï arterial feeders: 

a) entirely from ICA branches (PURELY PIAL MALFORMATIONS): MCA territory > 

ACA territory > PCA territory; occasionally (å 10%) recruit additional 

supply from meningeal arteries. 

b) entirely from ECA branches (PURELY DURAL MALFORMATIONS). 

ï arterial structure is damaged - duplication and fragmentation of internal elastic 

lamina, marked thickening or partial replacement of media by hyalinized connective 

tissue. 

¶ draining VEINS often are dilated with thickened walls (due to high velocity blood flow through 

fistulae) - VENOUS ARTERIALIZATION; 

ï AVMs of ACA and PCA may drain directly into vein of Galen, causing it to dilate in 

aneurysmal fashion.  see below (Vein of Galen Malformation) >> 
 

Arterial supply and venous drainage may be any 

combination of superficial and deep vessels 
 

¶ involved vessels may enlarge with passage of time; some AVMs* decrease over time 

(spontaneous thrombosis?) up to total resolution (rarely). 

*esp. those around anterior fossa and chiasm 

 

Microscopy: entrapped (between vessels) brain tissue is gliotic and nonfunctional, often with 

evidence of prior hemorrhage (calcification and hemosiderin deposition). 

Nidus has no interposed normal brain tissue and no capillary bed 

 

 

Anatomical classification of AVMs: 

 

 

 
¶ AVM s occur in all parts of neuraxis (largest AVMs are most frequent in posterior half of 

hemispheres). 

ï typically lie superficially (within brain substance or cerebral sulci). 

ï wedge-shaped (apex directed toward ventricle). 

 

 

¶ 2.3-16.7% patients with AVM develop aneurysm (high-flow vasculopathy): 

type I - located proximally on ipsilateral major artery (most common!); 

type IA - located proximally on contralateral major artery; 

type II  - located distally on superficially feeding artery; 

type III  - located proximally or distally on deep-feeding artery; 

type IV - located on artery unrelated to AVM.  

types I-III  (85%) are flow related aneurysms; intranidal aneurysms are rare (5.5%) 

 

 

Wyburn -Mason syndrome (s. Bonnet-Dechaume-Blanc syndrome) ï AVM involving cerebral 

cortex, optic nerve, retina*  + facial nevus. 

*  retinal vascular malformations: 

 
 

Cerebral Proliferative Angiopathy  - type of proliferative or diffuse AVM without focal nidus; often 

seen in pediatric patients. 

 

 

HEMODYNAMICS  

¶ flow shunted through AVM is extremely pressure-dependent (no autoregulation) and follows 

conditions described by HAGEN-POISEUILLE  equation where flow (Q) is directly related to 

pressure difference (ȹP) and fourth power of radius (r) and is inversely related to tube length (L) 

and viscosity (n): 
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¶ bulk flow rates (vary according to size and anatomy) are 150-900 ml/min (å 490 ml/min). 

Low resistance = High flow! 

¶ AVM feeders have low intravascular pressure, high flow velocity, low peripheral stream 

resistance, and very poor vasomotor reactivity (e.g. relatively nonreactive to PCO2 changes). 

¶ tissues adjacent to AVM may be persistently mildly hypoxic (malformation may steal blood 

from adjacent healthy tissue). 

¶ as AVM is resected, pressure within feeding arteries rises by å 60% to normal values, and normal 

CO2 reactivity is immediately established in adjacent cerebral vessels. 

 

 
Mass of irregular, tortuous vessels over left posterior parietal region: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 
Tangle of abnormal vessels on brain surface: 

 
 

Tangled complex of blood vessels with intervening neural parenchyma: 

 
 

Intraventricular and intracerebral hemorrhage due to ruptured AVM: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

Microscopic appearance of AVM - dilated, tortuous, worm-like vascular channels: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Abnormal arteries and veins with intervening gliotic neural parenchyma: 

 
 

 

EPIDEMIOLOGY , ETIOLOGY  

PREVALENCE is not known; DETECTION RATE in general population å 0.04-0.52%, i.e. 1/5-1/7 incidence 

of intracranial aneurysms. 

¶ both sexes are affected equally. 

¶ 3-20% of sporadic AVMs are diagnosed in children. 

¶ no genetic, demographic, or environmental risk factors have been identified. 

¶ familial cases are rare. 

¶ in rare cases (2%), cerebral AVMs are associated with other INHERITED DISORDERS: 

1) Osler-Weber-Rendu syndrome (hereditary hemorrhagic telangiectasia) ï although AVMs 

tend to be multiple but with more benign clinical course 

2) Sturge-Weber disease 

3) neurofibromatosis 

4) von Hippel-Lindau syndrome. 

5) cerebrofacial arteriovenous metameric syndromes (CAMSs) 

CAMS-1 - prosencephalic AVMs affecting hypothalamus/hypophysis in 

association with facial AVM of nose. 

CAMS-2 - AVMs affecting lateral prosencephalon (occipital lobe, thalamus) in 

association with facial AVMs of maxilla. 

CAMS-3 - AVMs of rhombencephalon (cerebellum, pons) in association with 

facial AVMs of mandible 

 

¶ cerebral AVMs can be associated with pulmonary AVMs ! (but not with other organ AVMs) 

 

 

CLINICAL FEATURES  

Only 12% AVMs become symptomatic! 

Most manifest before 40 yrs! (vs. cerebral aneurysms - only ¼ patients present by age of 40) 

 

¶ bruits (å 50%) may be audible either to patient or to examiner. 

¶ scalp or face veins may be enlarged. 

¶ huge AVM s (esp. if involve vein of Galen) may cause high-output congestive heart failure in 

newborns. 

¶ hydrocephalus may result if vein of Galen enlarges as channel for AVM drainage. 

 

AVMs produce neurological dysfunction through 4 main mechanisms: 

A. Hemorrhage 

B. Seizures 

C. Progressive neurological deficit 

D. Headache 

 

 

A. Hemorrhage (presenting symptom in 38-70% patients) into: 

a) brain parenchyma - most commonly! 

b) intraventricular  
c) subarachnoid space - less severe than with saccular aneurysms; blood tends to 

localize over cerebral convexities 

¶ 2% of all hemorrhagic strokes. 

N.B. AVMs are cause of hemorrhage in young adults! (peak in 2 ÷ 4 decades) 

N.B. AVMs are the most common cause of spontaneous brain hemorrhage in 

children (excluding neonatal period) 

¶ overall bleeding risk 2-4% per year. risk factors for hemorrhage ï see below >> 

¶ prognosis & recovery tends to be better than in nonïAVM -related (aneurysmal, hypertensive) 

hemorrhages! 

ï vasospasm occurs only rarely (because less blood accumulates around large arteries at 

base of brain). 

ï death occurs in 6-29% AVM hemorrhages (13-20% in rebleedings). 
 

Mortality with each bleed is å 15% 

¶ bleeding source: 

a) draining vein 

b) flow-related aneurysm 

 

 

B. Seizures unrelated to hemorrhage (presenting symptom in 15-46% patients). 

¶ focal, may become secondarily generalized. 

¶ risk factors for seizures: 

1) young age 

2) large AVM size 

3) lobar location (esp. temporal lobe) with feeders mainly from MCA.  

¶ secondary epileptogenesis and kindling can persist after AVM removal (H: maintain 

anticonvulsants after treatment of AVM is accomplished). 

 

 

C. Progressive neurological deficit (6-21%) - slowly progressive (over months ÷ several years). 

¶ reflects AVM location. 

¶ mechanisms: 

a) blood siphoning away from adjacent brain tissue ("steal phenomenon"). 

b) mass effect of enlarging AVM. 

c) venous hypertension in draining veins. 

¶ detailed neuropsychological testing may disclose subtle right or left hemisphere dysfunction. 

¶ history of subtle learning disorder is elicited in 66% adults with AVMs. 
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D. Headache unrelated to hemorrhage (4-50% patients) - may be as typical migraine*  or may be more 

generalized. 

*typical migraine alternates from one side of head to other, whereas AVM 

headaches classically remain on same side. 

 

 

E. If sufficient AV shunting is present, it may manifest as congestive cardiac failure in neonates and 

infants 

 

 

DIAGNOSIS 

SKULL RADIOGRAPHS  

¶ AVM  calcifications, increased vascular markings in overlying bone (calvarial vascular grooves 

and foramina). 

 

 

CT 

¶ can identify only large AVMs - serpiginous areas of high density. 

¶ contrast-enhanced CT - striking enhancement* (classic pattern - irregular hyperdense central 

area from which extend multiple, well-defined serpentine structures of various sizes - dilated 

feeding arteries and draining veins). 

*due to increased blood pool within lesion + BBB impairment in adjacent neural parenchyma 

¶ AVMs may be surrounded by hypodense areas of ischemic damage. 

¶ CT may show calcification. 

 

 
A. Noncontrast CT - areas of calcification and increased density in left temporal lobe; slight mass effect; 

dilated left temporal horn. 

B. Contrast CT at same level - enhancement of large feeding arteries, nidus, and draining veins. 

 
 
Ruptured AVM - large area of hemorrhage in right temporal lobe: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò (by Edward C. Klatt, MD) >> 

 

 

MRI  

- essential for INITIAL  diagnosis! (also preferred SCREENING procedure) 

N.B. gadolinium does not facilitate detectability (vs. CT contrast). 

¶ irregular serpiginous or globoid masses with mixed signal anywhere within hemispheres or brain 

stem. 

¶ large arteries and draining veins are particularly characteristic feature - shown as signal void 

rather than flow-related enhancement. 

Round, low-signal spots within / around mass are "flow voids" of feeding arteries, 

intranidal aneurysms, draining veins. 

¶ if HEMORRHAGE has occurred, mass of blood may obscure other diagnostic features (H: 

angiogram or follow-up MRI). 

¶ low T1 signal of extracellular hemosiderin may be seen around or within AVM mass, indicating 

prior hemorrhage. 

¶ there may be regional brain atrophy. 

 
 

T2-MRI  - parietal AVM; varices (short arrow), dilated arteries 

(long arrow) and draining veins (notched arrow): 

T1-MRI  - small subcortical AVM in right frontal 

lobe: 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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T2-MRI  - extensive bilateral AVMs; multiple enlarged superficial drainage 

veins: 

 

T2-MRI  - AVM with hemorrhage in 

territory of left PCA: 

 

Subcallosal intraventricular AVM fed by anterior and posterior pericallosal and choroidal vessels: 

 
 

 

 
 

 

MRA  

¶ can identify AVMs > 1 cm. 

¶ inadequate to delineate morphology of feeding arteries and draining veins; small aneurysms can 

be missed easily. 

 

 
3D TOF MRA  - hugely dilated left MCA feeders (long 

arrow), nidus (short arrow), varices (arrowhead) and 

superficial draining vein (open arrow): 

 
 

Surface-shaded reconstruction of 3D TOF MRA - posterior 

fossa AVM supplied by SCA and AICA; flow-related aneurysm 

(red arrow) has formed at AICA origin: 

 
Source of picture: Ronald G. Grainger, David J. Allison ñGrainger & 

Allisonôs Diagnostic Radiology: A Textbook of Medical Imagingò, 4th 

ed. (2001); Churchill Livingstone, Inc.; ISBN-13: 978-0443064326 >> 

 

http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
http://www.amazon.com/gp/product/0443101639
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T2-weighted FSE images (A) and (B), 3D TOF MRA  before (C) and after intravenous contrast (D): 

AVM nidus is of mixed signal intensity on (A) and (B); low signal areas are due to flow void in intranidal vessels; 

venous drainage is predominantly deep (arrow). 

Nonenhanced MRA (C) shows arterial structures and nidus, but draining veins (arrows) are only visible on 

contrast-enhanced MRA (D). 

 
 

AVM in left medial temporal lobe (coronal T2-MRI  and MRA ): 

   
 

MR DSA (series of three frames in lateral projection 

acquired at 1-sec intervals during IV infusion of 

gadolinium): 

 

 

1) feeding MCA branches (long arrows), nidus 

(short arrow), varices (arrowhead) and large 

superficial draining vein (open arrow) all 

apparent on first frame, indicating speed of 

shunting. 

 
 

2) opacification of transverse sinus (open arrow). 

 
 

3) opacification of superior sagittal sinus (white arrow); 

note small venous pouch on main draining vein (black 

arrow). 

 
 

 

ANGIOGRAPHY  

- required for DEFINITIVE diagnosis & TREATMENT planning (AVM morphology determines treatment 

algorithm!). 

¶ dilated tortuous feeding arteries; central tangle of vessels; rapid*  arterial-to-venous shunting 

(early opacification of enlarged, tortuous draining veins). 

* rapid sequence (high frame rate) filming is essential otherwise (feeding 

vessels can be obscured by overlying veins in rapidly shunting lesions)! 

¶ four-vessel angiography is indicated: 

ï up to 10% AVMs are associated with saccular aneurysms. 

ï extracranial or contralateral arteries occasionally supply intracranial AVMs. 

¶ in case of hemorrhage, hematoma may compress AVM so completely that angiography cannot 

detect it (when AVM is suspected, angiography is best postponed until hematoma has resolved - 

after 6-8 weeks). 

¶ aneurysms within nidus often show slow washout. 

 

SUPERSELECTIVE  angiography into AVM feeding arteries: 

1) obtain pressure measurements (higher feeding pressures increase hemorrhage risk). 

2) inject SSOODDIIUUMM  AAMMYYTTAALL (anesthetic agent) to produce temporary anesthesia of area perfused 

by artery - "superselective Wada testing" - language, memory, visual-spatial, sensory, 

motor function can be tested during 5 minutes - to determine whether "eloquent" function 

originates in AVM region (risk for neurological deficits during embolization or surgery): 

a) arteries directly feeding AVM  

b) ñen passageò arteries - feed AVM but continue past AVM to feed normal brain 

tissue. 
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Paratrigonal AVM:  

Preoperative angiography: 

 
Postoperative angiography: 

 
 

Large deep right temporal AVM encompasses most of medial temporal lobe (preoperative carotid angiography): 

 
 

Angiogram (AP view) - AVM (3 cm in 

diameter) in deep MCA territory with 

deep draining vein (arrow): 

 

Deep cerebellar AVM fed by branches of SCA, AICA, and PICA 

(preoperative and postoperative angiography): 

 
 

DSA - arterial (A) and venous (B) phase - AVM  fed by ACA and MCA branches; venous drainage predominantly 

superficial into superior sagittal and transverse sinuses: 
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Tortuous collection of irregular small vessels: 

 
Source of picture: ñWebPath - The Internet Pathology Laboratory for Medical Educationò 

(by Edward C. Klatt, MD) >> 

 
AVM in medial surface of left temporal lobe (left vertebral arteriogram): 

A. Towne projection ï enlarged feeder, nidus, and dilated draining vein are all seen. 

B. Lateral projection - better visualization of relationship of draining veins to nidus. 

 
 

Right parasplenial AVM ( preoperative and postoperative angiography): 

 
 

Left posterior sylvian AVM:  

Preoperative angiography: 

 
 

http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html







































